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Abstract
We construct an effective Lagrangian of heavy and light mesons with 1/MQ
correction. The Lagrangian is constructed model independent way by using
only the information of the symmetry of QCD. Reparameterisation invariance
at the meson level is taken into account for the consistency of the theory. The
partial decay width of the process D∗+ → D0pi+ and the form factors of
the process B¯0 → pi+lν¯ are calculated with the 1/MQ correction. We also
introduce the light vector mesons based on the approach of the hidden local
symmetry. The form factors of the process B¯0 → ρ+lν¯ are calculated with
thus introduced ρ-meson. These results are easily translated to the D-meson
semileptonic decays.
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The spin-flavor symmetry in the heavy quark sector [1] has been extensively studied
to understand the heavy hadron decays. Since the proposed projects (B-factories, τ -charm
factories and so on) are mainly accessible for the heavy mesons, we concentrate on the physics
of the heavy mesons in this letter. There are two ways to extract the consequences of the
symmetry. One is based on the heavy quark effective fields (heavy quark effective theory)
[2], and another is based on the heavy meson effective fields (heavy meson effective theory)
[3]. The algebra of the currents and charges in the heavy quark effective theory is used to
reduce the number of independent form factors in the weak current matrix elements. It is
well known that the six form factors in B → D and B → D∗ weak transition matrix element
are described by a single function called Isgur-Wise function in the heavy mass limit [1].
The 1/MQ correction and the QCD correction of the heavy-to-heavy weak current matrix
element have been calculated [4]. The reparameterisation invariance [5] plays an important
role in the calculation. The result contains some form factors as unknown functions.
The construction of the heavy meson effective Lagrangian is based on both chiral sym-
metry in the light quark (u,d, and s quarks) sector and the spin-flavor symmetry in the
heavy quark (c and b quarks) sector [3]. The semileptonic decays of the heavy mesons have
been treated in leading order of the 1/MQ expansion by using the heavy meson effective La-
grangian [3,6,7]. It should be noted that there is a B∗ pole contribution in the form factors
of B → πlν, which is similar to the ρ pole contribution in the form factor of π. The B∗
meson is naturally introduced as the spin partner of the B meson. Light vector mesons are
introduced in the heavy meson effective Lagrangian [8] based on the hidden local symmetry
[9].
In this paper we construct the heavy meson effective Lagrangian up to the O(1/M2Q)
corrections in 1/MQ expansion and O(p
2) in the chiral expansion 1. The explicit chiral sym-
1H-Y.Cheng et al. have also considered the 1/MQ correction in heavy meson effective Lagrangian [10]. But they have not
emunerated all possible O(1/MQ) terms in terms of the effective meson field Hv, and also have not considered the 1/MQ
correction in weak currents.
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metry breaking is worth studying, but it is left for our future works. Since the construction
is based only on the symmetry alone, the results from the Lagrangian should be model inde-
pendent. The Lagrangian contains ten parameters (six couplings, two heavy quark masses,
a mass scale of the order of ΛQCD (typical scale of the QCD dynamics), and a parameter
which describe the mass splitting between the heavy pseudoscalar and vector mesons) which
should be fixed by the experiments. The decay width of the process D∗+ → D0π+ and the
form factors of the process B¯0 → π+lν¯ are calculated with the 1/MQ correction. The light
vector mesons are introduced according to the method of the hidden local symmetry. The
form factors of the process B¯0 → ρ+lν¯ are also calculated with thus introduced light vector
mesons.
The Lagrangian is constructed by the following effective fields. The heavy mesons are
described by the field
Hv =
1+ 6v
2
[iγ5Pv + γµP
∗µ
v ] , (1)
where v is the velocity of the heavy quark inside. The meson momentum p is described by
p =MQv + k, (2)
where k is the residual momentum of the order of ΛQCD. The fields Pv and P
∗
v , which have
mass dimension 3/2, are the heavy pseudoscalar and heavy vector fields, respectively. They
are the multiplets in quark flavor given as
P (∗)v =

 D
0 D+ D+s
B− B¯0 B¯0s


(∗)
. (3)
The field Hv is transformed under the spin-flavor SU(4) transformation which is decomposed
by SU(2)spin and SU(2)H transformation and chiral transformation (SU(3)L×SU(3)R trans-
formation) as
Hv → SHv, (4)
Hv → zHHv, (5)
Hv → Hvh(Π, gL, gR)†, (6)
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where S ∈ SU(2)spin acts on the Dirac index, zH ∈ SU(2)H on the heavy flavor index. The
chiral transformation is non-linearly realized as
ξ → gLξh(Π, gL, gR)† = h(Π, gL, gR)ξgR, (7)
where gL ∈ SU(3)L, gR ∈ SU(3)R, and ξ is defined in terms of the field of the Nambu-
Goldstone bosons (π, K, η8),
ξ = eiΠ/fpi
(
Π = Πa
λa
2
)
. (8)
The unitary matrix h(Π, gL, gR) has a complicated form, but if we consider the vector trans-
formation g = gL = gR, then h(Π, gL, gR) = g. For the convenience to consider the chiral
expansion (derivative expansion), the followings are used to build the Lagrangian,
αµ⊥ =
i
2
(
ξ∂µξ† − ξ†∂µξ
)
, (9)
αµ‖ =
i
2
(
ξ∂µξ† + ξ†∂µξ
)
. (10)
These are transformed under the chiral transformation as
αµ⊥ → hαµ⊥h†, (11)
αµ‖ → hαµ‖h† + hi∂µh†. (12)
The parity transformation and charge conjugation are defined as follows. The effective
fields are transformed under the parity transformation as
PHv(x)P† = γ0Hv¯(x¯)γ0, (13)
Pαµ⊥(x)P† = −α⊥µ(x¯), (14)
Pαµ‖ (x)P† = α‖µ(x¯), (15)
where x¯ = (x0,−x) and v¯ = (v0,−v), and under the charge conjugation
CHv(x)C† = C
(
H
(−)
v (x)
)T
C†, (16)
Cαµ⊥(x)C† = (αµ⊥(x))T , (17)
Cαµ‖ (x)C† = −
(
αµ‖ (x)
)T
, (18)
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where P and C are the operators, C = iγ2γ0, and H(−)v is the effective field of the heavy
mesons which contain the negative energy component of the heavy quark. The field H(−)v is
transformed in the same way as Hv under the spin and flavor transformation.
Now the effective Lagrangian can be obtained by imposing the chiral symmetry and the
invariance under the parity transformation and charge conjugation. Spin-flavor symmetry
is imposed with the breaking terms of O(1/MQ) included. We generally write down all the
possible terms and get
L = −∑
v
tr
{
H¯vv · iDHv
}
−∑
v
tr
{
H¯v
(iD)2
2M
Hv
}
+Λ
∑
v
tr
{
H¯vHv
}
+ κ′Λ
∑
v
tr
{
H¯v
Λ
M
Hv
}
+ κΛ
∑
v
tr
{
H¯v
Λ
M
σρσHvσ
ρσ
}
+r
∑
v
tr
{
H¯vHvv · αˆ‖
}
+r
∑
v
tr
{
H¯v
iDµ
2M
Hvα
µ
‖
}
+ h.c.
+r1
∑
v
tr
{
H¯v
Λ
M
Hvv · αˆ‖
}
+ r2
∑
v
tr
{
H¯v
Λ
M
σρσHvσρσv · αˆ‖
}
+λ
∑
v
tr
{
H¯vHvγµγ5α
µ
⊥
}
−λ∑
v
tr
{
H¯v
v · iD
2M
Hvγµγ5α
µ
⊥
}
+ h.c.
−λ∑
v
εµνρσtr
{
H¯v
iDρ
4M
Hvσµνα⊥σ
}
+ h.c.
+λ1
∑
v
tr
{
H¯v
Λ
M
Hvγργ5α
ρ
⊥
}
+ λ2
∑
v
tr
{
H¯v
Λ
M
γργ5Hvα
ρ
⊥
}
+(Anti-particle), (19)
where 1/M = diag(1/Mc, 1/Mb). Anti-particle part has exactly the same form of the particle
part but Hv → H(−)v and v → −v. The pseudoscalar meson masses mP and the vector meson
masses mV are expanded as
m2P =M
2
Q
{
1 + 2
Λ
MQ
+ 2κ′
Λ2
M2Q
+ 12κ
Λ2
M2Q
}
,
m2V =M
2
Q
{
1 + 2
Λ
MQ
+ 2κ′
Λ2
M2Q
− 4κ Λ
2
M2Q
}
. (20)
It should be noted that the normalisation of the effective field is different from that of the
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conventional boson fields by
√
MQ. Light vector mesons are introduced by the method of
the hidden local symmetry [9]. The covariant derivative in the Lagrangian is defined as
iDµHv = i∂µHv −HvgV Vµ, (21)
where Vµ = V
a
µ λ
a/2 is the light vector meson field, gV is the gauge coupling constant of the
hidden local symmetry, and αˆµ‖ ≡ αµ‖ − gV V µ. We used the equation of motion to drop out
the several terms as the higher order terms in 1/MQ expansion and chiral expansion. We
take the reparameterisation invariance into account up to O(1/M2Q) at the meson level. The
reparameterisation transformation of the effective field is
Hv → Λ(v, w + iD/M|w + iD/M |)Λ(
w + iD/M
|w + iD/M | , w)HwΛ(w,
w + i
←−
D/M
|w + i←−D/M |)Λ(
w + i
←−
D/M
|w + i←−D/M | , v)e
−iqx
=
{
Hw − 1
2M
[6q,Hw]
}
e−iqx +O(1/M2), (22)
where w = v + q/M and
Λ(w, v) =
1+ 6w 6v√
2(1 + w · v)
. (23)
Other fields are not transformed.
Many terms in the effective Lagrangian are dropped out by the reparameterisation in-
variance as follows: For example, we can consider the term
tr
{
H¯v
iDρ
M
Hvγργ5v · α⊥
}
. (24)
The reparameterisation invariant form of this term is
tr
{ ¯˜HvVρVσH˜vγργ5α⊥σ} , (25)
where V = v + iD/M and
H˜v = Λ(
v + iD/M
|v + iD/M | , v)HvΛ(v,
v + i
←−
D/M
|v + i←−D/M |)
= Hv +
1
2M
{[γµ, iDµHv]− 2v · iDHv}+O(1/M2). (26)
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Since H˜v satisfies the relations
6 VH˜v = H˜v, (27)
H˜v 6←−V = −H˜v, (28)
the term (25) vanishes. Another example is the term
ǫαβρσtr
{
H¯v
iDα
M
σρσHvα⊥β
}
. (29)
The reparameterisation invariant form of this term is
ǫαβρσtr
{ ¯˜HvVασρσH˜vα⊥β} . (30)
The leading component
ǫαβρσtr
{
H¯vvασρσHvα⊥β
}
(31)
which should be of the order of 1/MQ, because it breaks the spin symmetry. So the original
term (29) is O(1/M2Q). (The leading O(1/MQ) component reduces to the λ2 term.)
We can do in the same way for the weak currents. The heavy-to-light weak current is
obtained up to the O(1/M2Q) corrections in 1/MQ expansion and O(p
2) in chiral expansion
as
J iaµ (0) = F
[
tr
{
(ξ†)jiγµ(1− γ5)Hajv
}
+
1
2Ma
tr
{
(ξ†)jiγµ(1− γ5)[γρ, iDρHajv ]
}]
+α1
Λ
Ma
tr
{
(ξ†)jiγµ(1− γ5)Hajv
}
+α2
Λ
Ma
tr
{
(ξ†)jiγµ(1− γ5)γρHajv γρ
}
+β1Λ
1/2tr
{
(ξ†)jiγµ(1− γ5)Hajv
(
v · αˆ‖
)}
+β2Λ
1/2tr
{
(ξ†)jiγµ(1− γ5)Hajv
(
γραˆ
ρ
‖
)}
. (32)
This current contains Lµ = γµ(1 − γ5). We regard it in the construction of the current as
an external field which is transformed under the spin-flavor transformation as
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Lµ → gLLµz†H , (33)
Lµ → LµS†. (34)
We also impose the “parity” invariance under the transformation
Lµ → γ0Lµγ0 (35)
to keep the V − A structure of the current.
From this current, we can extract the decay constants of the heavy mesons.
fP =
√
2
MQ
{
F +
Λ
MQ
(α1 + 2α2)
}
, (36)
fV =
√
2
MQ
{
F +
Λ
MQ
(α1 − 2α2)
}
. (37)
The heavy-to-heavy current can also be obtained in the same way, and the result contains
some functions of v · v′ instead of the parameters, where v and v′ are the velocities of the
heavy quarks. Weak interaction is introduced as the contact interaction between the currents
2.
We get the width of the D∗+ → D0π+ decay from the Lagrangian. Since the energy-
momentum of π is very small (in the D∗ rest frame), our Lagrangian is accessible for this
process. We can use the axial vertex in the Lagrangian (couplings λ, λ1, and λ2). The width
is calculated as
Γ(D∗+ → D0π+) = λ
2M2c (E
2
pi −m2pi)3/2
12πm2D∗f
2
pi
[
1 +
Epi
Mc
+
2 (λ1 − λ2)
λ
Λ
Mc
]
, (38)
where
Epi =
m2D∗ −m2D +m2pi
2mD∗
. (39)
The term Epi/Mc can be neglected because it is O(1/M
2
c ) due to the kinematics (Epi =
O(Λ2/Mc)). But it should be kept in the off-shell amplitude as we will see next in B → πlν
2Here, the QCD correction is not considered for the simplicity in the presentation of the Lagrangian
and current construction.
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decay. The couplings λ1 and λ2 are contained in the combination of λ1−λ2. The branching
ratio of the decay is already measured by CLEO [11]. If the total width is fixed, we can
constraint the parameters λ and λ1 − λ2. (At present, we have only the upper bound by
ACCMOR [12].)
The form factors of the process B¯0 → π+lν¯ can also be calculated. There is a B∗-pole
contribution as in fig.1. The form factors are defined as
〈π|Jµ|B¯0〉 = f+(q2)(pB + ppi)µ + f−(q2)(pB − ppi)µ, (40)
where q2 = (pB − ppi)2. We obtain
f±(q
2) =
1
2
fB
fpi
[
1− fB∗
fB
{
λ
(
1 +
v · ppi
2Mb
)
+ (λ1 − λ2) Λ
Mb
}
2Mb (v · ppi ∓mB)
q2 −m2B∗
]
, (41)
where
v · ppi = m
2
B +m
2
pi − q2
2mB
. (42)
The axial couplings λ1 and λ2 are contained in the combination of λ1 − λ2 also in this form
factor. This result coincides with the result in ref. [13] in the soft pion limit ppi → 0 3. Our
result gives an extension of their result to 0 ≤ |ppi| <∼ 4πfpi. (The upper bound 4πfpi is taken
as the limit of the chiral expansion.)
This form factors are important in extracting |Vub| from the exclusive decay of B → πlν.
The q2 dependence is given, which gives valuable information on the axial coupling constant
by fitting the form factors with the q2 spectrum.
The form factors of the process B¯0 → ρ+lν¯ can be calculated. There is a B-pole contri-
bution as in fig.2. The form factors are defined as
〈ρ|Jµ|B¯0〉 = f1(q2)ǫµνρσǫ∗ν(pρ)(pB + pρ)ρ(pB − pρ)σ
+ f2(q
2)iǫ∗µ(pρ)
+ f3(q
2)i(ǫ∗(pρ) · pB)(pB + pρ)µ
+ f4(q
2)i(ǫ∗(pρ) · pB)(pB − pρ)µ, (43)
3The sign and the normalisation of the axial coupling λ is different from the one in ref. [13].
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where q2 = (pB − pρ)2. We obtain
f1(q
2) = 0, (44)
f2(q
2) = fBgV − β2
√
MbΛgV , (45)
f3(q
2) =
1
2
β1
√
MbΛ
M2b
gV , (46)
f4(q
2) = 2fBgV
{
r +
Λ
Mb
(r1 + 6r2)
}
1
m2B± − q2
+
1
2
β1
√
MbΛ
M2b
gV . (47)
As same as in the case of B¯0 → π+lν¯, this result is valid for the low energy ρ meson
since we are using the chiral expansion. The form factor f4(q
2) is not significant as far as
we can neglect the lepton masses. If we can fix the parameters β1, β2, fB, and gV , the
Kobayashi-Maskawa matrix element Vub can be extracted from this decay mode.
Many precise experiments which are expected in future B-factories will be used to fix
the parameters in this effective theory. We have the predictive power once the parameters
are fixed. The prediction is model independent, since we only used the information of the
symmetry of QCD in constructing the effective theory.
In this paper, we construct the heavy meson effective Lagrangian up to O(p2) in the
chiral expansion and O(1/M2Q) in the 1/MQ expansion. We enumerated all the possible
terms which are allowed by the symmetry. The reparameterisation invariance in the meson
level is very important in the construction. Many terms are dropped out by the invariance.
The light vector mesons are introduced by the method of the hidden local symmetry. The
weak current in the effective theory is obtained in the same way. The decay width of the
process D∗+ → D0π+, the form factors of the processes B¯0 → π+lν¯ and B¯0 → ρ+lν¯ are
calculated. The results are easily translated to theD-meson semileptonic decays. The meson
effective Lagrangian can give the simple and physically clear understanding on the heavy
meson decays.
We are grateful to Dr. M.Tanaka of KEK theory group for helpful advice, and
Prof. A.I.Sanda of Nagoya university for encouragement. T.K. would like to thank
Dr. G.Boyd for fruitful discussion on 1/M correction and reparameterisation invariance.
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The work by him with B.Grinstein, SSCL-preprint-532, also deals with the O(1/M) terms
in heavy meson Lagrangian.
T.K.’s work is supported in part Grant-in Aids for Scientific Research from the Ministry
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FIGURES
FIG. 1. The diagrams for B¯0 → pi+lν¯ decay. The black circle and box represent the strong and
weak vertices, respectively.
FIG. 2. The diagrams for B¯0 → ρ+lν¯ decay.
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